Abstract. Multiple hop transmission is widely utilized in Mobile Ad Hoc Networks, most of the relay nodes play as cooperators in transmitting to help packets delivery. However, in this paper, a novel MAC-layer protocol based on coordinating relay node is proposed and analyzed. The relay nodes act as coordinators instead of cooperators and can save the transmission time and decrease the collision efficiently. We also propose assistant nodes to assist relay nodes in multiple hop transmission, which can decrease queuing time and increase the transmitting diversity. In order to reduce collision in sending terminal and receiving terminal, each node in our protocol is equipped with two interfaces, one is for sending and the other is for receiving. System analysis and simulation results of the presented protocol are shown in this paper to show the significant advantages in the performance of our protocol.
Introduction
Recent developments of Mobile Ad Hoc Networks (MANET) in large scale, high complexity and rich diversity bring significant improvements in the performance of wireless relaying networks. In order to enhance the properties of MANET, such as throughput, delay and packets drop rate (PDR), multi-hop networks are widely used and lead to the increasing importance of relay nodes. Therefore, appropriate and applicable MAC protocols are required to promote the transmitting properties in MANET. MAC layer protocol based on relay nodes for MANET is a crucial technology and it has a better performance when taking physical layer advantages into consideration [1] [2] .
An MAC-layer protocol named Cooperative ADHOC MAC (CAH-MAC) is proposed in reference [3] , it increases network throughput efficiently by improving the utilization of time slots and retransmission of failed transmitting packets. However, it increases the size of packet header and leads to high end to end delay. In reference [4] , a TDMA-based cooperative MAC protocol called cooperative relaying TDMA (CR-TDMA) is presented. CR-TDMA introduces relay node as helper nodes between the source node and destination node, helper nodes can improve the performance of the network on diversity, throughput and queuing delay. However, the selection process of helper nodes will occupy some additional time slot and increase the transmitting delay. FD-MAC protocol is proposed in [5] , and user nodes keep sensing and monitoring the channel usage states to reduce collision. It improves the performance in saturation throughput, whereas it is imperfect in the small throughput. Moreover, it decreases the diversity of the protocol and the transmission.
In this letter, we proposed an MAC protocol for MANET and we call it RNC-MAC (Relay Node Coordinating with double interface MAC protocol). In RNC-MAC protocol, relay nodes act as coordinators, different from the previous works in that they can initiate a transmission and coordinate transmitting sequence [3] [4] [5] . The presented protocol does not need a heavy overhead but enhance the properties such as throughput, transmitting time and efficiency. We also present performance analysis and simulation results to show the properties of our protocol.
System Model
We consider a multi-hop relaying network system with a number of nodes, and the transmitting range of each node is equal. Every node is equipped with two half-duplex interfaces, called S hopping interface and R hopping interface, and both can switch channels in multiple channel systems independently. The two interfaces of one node are in different hopping sequences and different channels. Hence, a node with two interfaces can simultaneously transmit and receive data packets without interference from each other. In general, the assignment of S hopping interface is sending messages while the R hopping interface is for reception. The proposed protocol is based on RTS/CTS/DATA/ACK handshake mechanism and the transmission in MANET follows IEEE 802.11 MAC scheme [6] . The lengths of data packets in the transmitting period are equal. Every slot of the proposed model contains three parts, the first is prior time part, it is for the contending of the nodes with high priority. The second is contending time, it is for the others nodes contending, and the transmitting time includes data and ACK is the last part, while the address of the source data is embedded in the front of data. Information in uniform length about the address of destination node is added in the front of each data packet so that every node can get the destination of the data easily.
Protocol Details
In this section, we elaborate the details of the proposed MAC protocol named relay node coordinating MAC protocol (RNC-MAC). We assumed that the transmission between source node and destination is two hop distances, for farther distance, just repeat the two hops process until the packets arrive at the destination successfully.
Enquiry
There are two kinds of enquiry stages, relay node play as a coordinator instead of a cooperator [3] [4] in this stage of the proposed protocol system. The first and foremost one is relay node initiating enquiry ( Fig. 1) . As soon as the transmitting queue of relay node R (just defined in this stage) is empty and idle, node R broadcasts idle status to its neighbors in its own transmission range for collecting sending enquiry messages, to discover and construct potential new transmission. After the collection, the queue will be processed first in first out (FIFO) [7] . Meanwhile, because the node R1 knows every packet's destination node, if one packet's sender and receiver is another packet's receiver and sender, respectively (e.g. node A is the sender of packet 1 and B is the receiver of packet 1, node B is the sender of packet 2 and node A is the receiver of packet 2, we call packet 1 and packet 2 opposite pair packets), R will first complete the exchange of opposite pair packets. In our protocol, every node can be a relay node, so this kind is in a high possibility. The second kind of enquiry stage is initiated by sender node, and it is an alternative offer of the first one. In case node C wants to send packet with the help of relay node, there is no node with empty queue. The packet will be arranged as following rules and wait to transmit. First, the selected nodes must in the transmission of sender nodes. Second, the coming packet will be arranged at the end of the transmission queue. Third, the node which has the shortest transmission queue will be selected to receive the packet. All the send and receive processes of enquiry stage adopt the S and R hopping interfaces so as to reduce collision and save the transmitting time.
Transmitting Stage
In transmitting stage of the transmission (shown in Fig. 2) , we assume that the transmission way designed by enquiry stage is M-R1-N after node R1 broadcast enquiry to its neighbors in enquiry stage, where M is the source node, N is the destination and the packet that needs to be transmitted is defined as P1. When P1 is the first in the queue of node R1, it will be sent to the destination node directly. If P1 is not the first of the queue (because of FIFO scheme, maybe many packets are sent to the empty relay node simultaneously, but arrived at relay node asynchronous), it will seek other nodes for relay transmission, and the selected node is called assistant node.
The assistant node must satisfy the following conditions: at first, it must be a node with an empty transmission queue; second, the source node and destination node must be in the transmission range of the assistant node; third, it can overhear the status information of relay node successfully.
As the scheme of the proposed protocol shown in Fig. 1 , the initial transmitting route is M-R1-N due to the route planning of network layer after enquiry stage, and the packet P1 is in the transmitting queue of node R1 waiting for transmitting. Node R1 gets the queue information of its neighbors in assistant area, and all nodes in the assistant area are in the transmission range of node M and node N. In Fig. 2 , we assume that there are two nodes named R2 and R3 in the assistant area, and the transmitting queue of R2 is empty before P1 arrives while the queue of R3 is full. As a consequence, the delivery route becomes M-R2-N instead of M-R1-N. If more than one node is idle with empty transmitting queue (like node R2), they will contend for accessing in prior time, because the idle nodes have a high priority. When there are no idle nodes, but some nodes have a shorter transmitting queue than R1 (like node R3), they will contend for accessing in contending time, once the transmission is contributed, packet P1 will be transmitted faster than the node R1 since the transmitting queue is shorter. Therefore, the delivery route becomes M-R3-N, and the other details of transmitting are similar to M-R2-N. Relay nodes act as a coordinator in the proposed protocol, so after the enquiry broadcast, if the node N also has a packet need to send to node M, the delivery route and scheme is similar to M-R1-N (shown in Fig. 2 with a dashed line) . In conclusion, appropriate selection of relay nodes as coordinator will decrease the transmitting time and increase the transmitting diversity.
ACK Stage
No matter which relay node successfully has completed the transmission, it will send an ACK to all its neighbors in the assistant area (shown in Fig. 2 ), other nodes delete the packet from their queues. On the other hand, if transmitting stage is not successfully complete, there will be other nodes in the assistant area to do relay transmitting work and repeat the transmitting stage. 
Performance Evaluation

System Analysis
In our RNC-MAC protocol system, we assume that all transmissions happen in Rayleigh fading channel and packets arrival in a Bernoulli process [8] . Hence, the average bit error rate (BER) of a single interface (or a single antenna) is 
is the success probability of packet delivery. The throughput of a relay node is defined as the average number of successful transmitted packets in one frame. In our protocol, according to (1), the throughput is:
where r p is the probability that in a time slot a relay node or assistant node receive a packet, and nr p is the probability that in a time slot a packet is sent by a source node. And M is the number of time slot in one frame, h N represents the number of active assistant node. sa p and sr p denote the stationary probability of assistant node and relay node respectively.
According to the distribution of relay nodes and the arrivals of packets to the relay node queue, the PDR (Packets Drop Rate) of RNC-MAC is:
And ( ) r P k is the probability of k packets arriving at relay node queue during one frame. The average delay of queuing is obtained due to Little's law:
Simulation Results
In this section, we present the simulation results among CAH-MAC protocol, CQM protocol [9] and RNC-MAC protocol in the performance of throughput, PDR and delay. The simulation utilizes Matlab 2014a and Simulink on Windows 7 system. In our simulation, we assume that the transmission happens in Rayleigh fading channels, and all the packets are 1024 bits. The number of nodes in the MANET of our simulation is from 5 to 50, to show the different performance of different number of nodes. The simulation time is 500 seconds and the longest queue length is 150 packets. Fig. 3(a) shows the relationship between the number of nodes and throughput. The throughput of the three protocol rises with the increasing number of nodes. When the number of nodes is small (less than 15), the CAH-MAC and CQM have a little better performance when compared with RNC-MAC protocol. However, when the number of nodes in the system is more than 20, RNC-MAC protocol has an increasing priority with the increasing number of nodes in throughput than the other two protocols. When the number of nodes becomes more and more, the h N becomes larger and leads to an increase of the throughput.
The PDR of the three protocols is shown in Fig. 3(b) . All the three protocol have an increase in PDR when there are more nodes in the transmission system. When there are 5, 10, 15 nodes in the system, the PDR of the three protocols are almost equal, RNC-MAC is a little worse than others. But RNC-MAC has a much better performance on PDR in the system with a mass of nodes. This is because more nodes provide more assistant nodes and more opposite pair packets need to be exchanged between the two corresponding nodes, which leads to increase in the number of transmitting routes and transmitting diversity. Fig. 3(c) describes the delay of the three protocols. In our simulation, we assume that the transmission is saturated when measuring the delay of the systems. The delay includes end to end delay and queuing delay, it is also called system delay. When the number of nodes is less than 20, the delay among the three protocols is almost the same, whereas there are more than 20 nodes taking part in the system, RNC-MAC protocol shows its advantage. The main reason of this advantage is that the relay nodes act as a coordinator instead of a cooperator.
Conclusion
In this letter, an MAC-layer protocol named RNC-MAC based on coordinating relay nodes is proposed. The RNC-MAC protocol also utilizes an assistant node to replace the relay node to increase the diversity of transmission and save transmitting time. Each node in our protocol is equipped with two interfaces called R and S hopping interface respectively. System analysis and simulation results are also presented in our letter to attest the superior performance of RNC-MAC protocol, especially with a large number of nodes in the system.
